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Abstract 
A pi’n/pin a-SiC:H voltage and optical bias controlled device is presented and its behavior as image and color sensor, optical 
amplifier and demux device is discussed. The design and the light source properties are correlated with the sensor output 
characteristics. Different readout techniques are used. When a low power monochromatic scanner readout the generated carriers 
the transducer recognizes a color pattern projected on it acting as a direct color and image sensor. Scan speeds up to 104 lines per 
second are achieved without degradation in the resolution. If the photocurrent generated by different monochromatic pulsed 
channels is readout directly, the information is demultiplexed. Results show that it is possible to decode the information from
three simultaneous color channels without bit errors at bit rates per channel higher than 4000 bps. Finally, when triggered by light
of appropriated wavelength, it can amplify or suppress the generated photocurrent working as an optical amplifier 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Charged Couple Device (CCD) image sensors were developed 30 years ago, ushering in the era of digital 
photography. However, the expected warm tones and detail of color film were not achievable. This was due to the 
fact that CCD image sensors were only capable of recording just one color at each point in the captured image 
instead of the full range of colors at each location. Large area hydrogenated amorphous silicon stacked p-i-n 
structures with low conductivity doped layers are proposed as color Laser Scanned Photodiode (LSP) direct image 
sensors. These sensors are different since no pixel architecture is needed [1,2]. This is accomplished by a new 
design of two stacked pin photodiodes. The new imager uses integrated monolithic R G B optical filters to capture 
full color at every point in the image and low conductive doped inter-layers to confine the carriers at the generated 
points. The filters are embedded along the silicon-carbon (a-SiC:H) device to take advantage of the fact that red, 
green, and blue light penetrate silicon to different depths. The advantages of this approach are the feasibility of large 
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area, the deposition on different substrate materials (glass, polymer, etc.), the simplicity of the device and associated 
electronics. It can also be integrated vertically on top of a read-out electronic, which facilitates low cost large area 
detection systems where the signal processing can be performed by an ASIC chip underneath.  
Double pi’n/pin a-SiC:H heterostructure with two optical connections for light triggering in different spectral 
regions is presented and its behavior as color image sensor, optical amplifier and demultiplex device is discussed. 
Electrical models are presented to support the sensing methodologies.  
2. Device configuration and optoelectronic characterization 
All devices were produced by PE-CVD on a glass substrate. The semiconductor structures are sandwiched 
between two transparent conductive oxides (TCO) that constitute front and back electrical contacts as depicted in 
Fig. 1. The thickness (200nm) and the optical gap (2.1 eV) of the a-SiC:H intrinsic layer (i’-) are optimized for blue
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Fig. 1 WDM device configuration
collection and red transmittance and the thickness (1000 nm) of a-Si:H one (i-) 
adjusted to achieve full absorption in the green and high collection in the red 
spectral range. As a result, both front and back diodes act as optical filters 
confining, respectively, the blue and the red optical carriers, while the green ones 
are absorbed across both [2]. Deposition conditions are described elsewhere [3]. 
During the deposition process, low doping levels were used and methane was 
added [4] in order to produce highly resistive (>107 :cm) and wide band gap 
doped layers (#2.1 eV), which is of crucial importance for device operation. 
The characterization of the devices was performed through the analysis of the 
photocurrent dependence on the applied voltage and spectral response under 
different optical and electrical bias conditions.
In Fig. 2 the spectral photocurrent is displayed at negative and positive electrical bias; without and under red (626 
nm), green (524 nm) and blue (470nm;) background illumination from the p side.  
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Fig.2 Spectral sensitivity at-8V (a) and +1V (b) with (color lines) and without (symbols) applied optical bias. 
We have demonstrated [5] that when an external electrical bias is applied to a double pin structure, its major 
influence is in the field distribution within the less photo excited sub-cell. The front cell when under red irradiation, 
the back cell when under blue light and both when under green steady state illumination. In comparison with 
thermodynamic equilibrium (no background), the electric field under illumination is lowered in the most absorbing 
cell (self forward bias effect) while in the less absorbing cell reacts by assuming a reverse bias configuration (self 
reverse bias effect). Results confirm that, under negative bias, a self biasing effect occurs under an unbalanced 
photogeneration. Blue optical bias enhances the spectral sensitivity in the long wavelength ranges and quenches it in 
the short wavelength range. The red bias has an opposite behavior: it reduces the collection in red/green wavelength 
ranges and amplifies in the blue range. The green optical bias only reduces the spectral photocurrent in the medium 
wavelength range keeping the other two almost unchangeable. Under positive bias no significant self bias effect was 
detected. This voltage controlled light bias dependence gives the sensor its light-to-dark sensitivity allowing the 
recognition of a color image projected on it. 
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3. LSP Direct Image Sensor  
An optical image is projected onto the active surface from the glass side and is scanned by sequentially detecting 
scene information at discrete XY coordinates. A 633 nm low power solid-state laser is used as scanner. Full colour 
detection is attempted based on spatially separated absorption of the red, green and blue photons. In Fig. 3 the 
photocurrents generated by the scanner under different steady-state illumination conditions ()L=200 PWcm-2,
OL=650 nm; 550 nm; 450nm) are displayed. The images, defined as the difference between the photocurrents with 
and without optical bias, are shown as inserts, at the acquired applied voltages. Here the same green, red and blue 
pictures (5) were projected, one by one, onto the front diode and acquired through the back one with a moving red 
scanner. The line scan frequency was close to 1 kHz and no algorithms where used during the image restoration 
process. For a readout time of 1 ms per frame, a 50 lines image, takes around 50 ms. Results show that under red 
irradiation or in dark (without optical bias) the photocurrent generated by a red scanner is independent of the applied 
voltage. Under blue/green irradiation it decreases as  the  applied  voltage  changes  from  reverse  to  forward being 
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Fig.3 Photocurrent as a function of the applied bias in dark and under 
blue, green and red irradiation. The inserts show, at the acquired applied 
voltages, the images from the same RGB picture (5).
higher under blue than under green irradiation. As 
expected from Fig. 2 the main difference occurs in the 
green spectral range. It is interesting to notice that 
around -2 V the collection with or without green image 
are the same, leading to the rejection of the green 
image signal. So, by tuning the voltage to -2 V the red 
and blue signal are high and opposite in sign and the 
green signal is suppressed allowing blue and red colour 
recognitions. The green information is obtained under 
slight forward bias (+1 V), where the blue image signal 
goes down to zero and the red remains constant. The 
combined integration of this information allows 
recording full range of colors at each location instead 
of just one color at each point of the captured image as 
occurs with the CCD image sensors. Readout of 1000 
lines per second was achieved allowing continuous and 
fast image sensing, and color recognition.  
4. DEMUX device 
Monochromatic pulsed beams together or one single 
polychromatic beam (mixture of different wavelength) 
impinges in the device and is absorbed, according to its 
wavelength (Fig. 2). By reading out, under appropriated 
electrical bias conditions, the photocurrent generated by 
the incoming photons, the input information is 
electrically multiplexed or demultiplexed. Fig. 4 displays 
the single and multiplexed signals under negative (-8V) 
and positive (+1V) electrical bias. As expected from Fig. 
3, the input red signal remains constant while the blue 
and the green ones decrease as the voltage changes from 
negative to positive. The output multiplexed signal, 
obtained with the combination of the three optical 
sources, depends on both the applied voltage and on the 
ON-OFF state of each input optical channel. Under 
negative bias, there are eight separate levels while under 
positive bias they were reduced to one half. Optical 
nonlinearity was detected; the sum of the input channels 
(R+B+G) is lower than the correspondent multiplexed  
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Fig. 4 Single (R, G and B) and combined (R&G&B) signals under 
-8V (solid arrows) and +1V (dotted arrows) applied voltage.
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signals (R&G&B). This optical amplification, mainly on the ON-ON states, suggests capacitive charging currents due 
to the time-varying nature of the incident lights. Under positive bias the levels are reduced to one half since and the 
blue component of the combined spectra falls into the dark level, the red remains constant and the green one 
decreases. To recover the transmitted information (8 bit per wavelength channel) the multiplexed signal, during a 
complete cycle, was divided into eight time slots, each corresponding to one bit where the independent optical signals 
can be ON (1) or OFF (0). Under positive bias, the device has no sensitivity to the blue channel (Fig. 2-3), so the red 
and green transmitted information are identified. The highest level corresponds to both channels ON (R&G: R=1, 
G=1), and the lowest to the OFF-OFF stage (R=0; G=0). The two levels in-between are related to the presence of only 
one channel ON, the red (R=1, G=0) or the green (R=0, G=1). To distinguish between these two situations and to 
decode the blue channel, the correspondent sub-levels, under reverse bias have to be analyzed. The highest increase at 
-8V corresponds to the blue channel ON (B=1), the lowest to the ON stage of the red channel (R=1) and the 
intermediate one to the ON stage of the green (G=1). Using this simple key algorithm the independent red, green and 
blue bit sequences can be decoded as: R[01111000], G[10011001] and B[10101010], as shown on the top of the 
figure, which are in agreement with the signals acquired for the independent channels. 
5. Optical amplifier 
Fig. 5 the ratio between the spectral photocurrents 
under red, green and blue steady state illumination and 
without it (dark) is plotted. Results confirm that a self 
biasing effect occurs under an unbalanced photogeneration. 
Blue optical bias enhances the spectral sensitivity in the 
long wavelength ranges and quenches it in the short 
wavelength range. The red bias has an opposite behavior; it 
reduces the collection in red/green wavelength ranges and 
amplifies the blue one. The green optical bias reduces the 
spectral photocurrent in the medium wavelength range. 
Since, under steady state illumination (optical image) 
each photodiode acts as a filter this multiplexing readout 
technique can also be used if the stacked device is 
embedded in silicon forming a two layer image sensor that 
captures full color at every point. Here, a demosaicing 
algorithm is needed for color reconstruction. 
400 450 500 550 600 650 700
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5 Blue bias
Green bias
Red bias
+1 V
-8 V
I ac
(O
L)/
I(d
ar
k)
Wavelength (nm)
Fig. 5 b) Ratio between the photocurrents under red, green 
and blue steady state illumination and without it (dark).
6. Conclusions
Single and stacked pin heterojunctions based on a-SiC:H alloys were compared under different optical and 
electrical bias conditions using different readout techniques. Several applications are presented. A theoretical model 
gives insight into the physics of the device. Results show that we can think of the device as three integrated 
transducers in a single photodetector. If a light scan with a fixed wavelength is used to readout it can recognize a 
color pattern projected on it. On the other hand, if the photocurrent generated by different monochromatic pulsed 
channels or their combination is readout directly; the information is multiplexed or demultiplexed. Finally, when 
triggered by light with appropriated wavelengths, it can amplify or suppress the generated photocurrent working as an 
optical amplifier. A self bias model was presented to support the sensing methodologies.  
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